A new zeolite molecular sieve modified with chitosan was prepared and employed for the adsorption of ammonia and nitrate from underground water. Batch of experiments were performed to investigate the effects of various conditions on chitosan/ zeolite molecular sieve(CTS-Z) preparation, including the concentration of acetic acid, the concentration of chitosan, the stirring time and the stirring temperature. Characteristic of CTS-Z adsorption particles were analyzed by Scanning electron microscopy (SEM), Specific surface area (BET), Fourier infrared spectroscopy (FTIR) and X ray photoelectron spectroscopy (XPS). Experimental results showed that the optimum preparation processes for the chitosan / zeolite molecular sieve were as follows: the concentration of acetic acid was 4%, the concentration of chitosan was 7g / L, the stirring time was 10h and the stirring temperature was 30 O C. And adsorption capacity of adsorption particles for ammonia and nitrate were 0.636 mg/g and 1.952 mg/g, and the removal rates were 81.60 % and 40.28 % respectively. The surface morphology of the particles showed more protrusions and micropores, the specific surface area of the particle was 391.516 m2/g. FTIR analysis showed that CH3-and NH2-have been loaded into the basic framework of zeolite molecular sieve and XPS analysis showed that the element O 1s played an important role in the attachment of chitosan to zeolite molecular sieves. Therefore, the results of the research can provide a theoretical basis for the upgrading of the water purification plants in the cold region of northern China.
INTRODUCTION
In most parts of northern China, groundwater is regarded as an important source of drinking water. With the rapid development of industry, agriculture and continuous improvement of people's living standard, a large number of industrial waste water, nitrogenous fertilizers and domestic sewage are disposed and discharged unreasonably. The pollution of ammonia and nitrate in groundwater is becoming more and more serious. In 2016, China's State of the Environment Bulletin pointed out that among 5118 groundwater testing sites, the percentage of poorly-monitored sites was 42.5% and that of very poorly-monitored sites was 18.8%, of which excessive pollutants mainly included ammonia and nitrate [1] . If groundwater contaminated with ammonia and nitrate directly or indirectly enters the human body, it may increase the risk of illness and cancer of the drinker.
At present, the conventional treatment processes of coagulation-sedimentation-filtration are commonly used in water purification plants in China [2] . However, the removal efficiency of ammonia and nitrate of these processes are poor especially in the northern cold area, where the groundwater temperature is generally below 10 O C, and the lowest water Full Article temperature up to 0-2 O C. Low temperature of water condition brings more difficulties to water plant, so that the quality of effluent water is difficult to meet the "National Drinking Water Standards" (GB5749-2006) requirements.
Many researches on the removal of ammonia and nitrate in drinking water were mainly focused on biological and chemical methods, however the biological treatment process was greatly affected by temperature, and chemical treatment process was easily lead to secondary pollution of water [3, 4] . Therefore, the two methods were not suitable for application in the treatment of low temperature groundwater in the north China.
Chitosan (CTS) is a kind of natural polymer flocculant. It has wide application prospect in the field of water treatment due to its characteristics of wide source, safe and nontoxic, environment-friendly. Chitosan molecular structure contains amino NH2-, hydroxyl OH-and other reactive functional groups, which can be a variety of chemical modification, and can be cross-linked with the filter media to form multi-functional composite materials. These materials have the effect of removing multiple pollutants simultaneously [5] . Zeolite molecular sieve is a kind of synthetic sodium zeolite, with a Si-Al-Si framework tetrahedral structure, and large specific surface area. Because of its nanopore size, zeolites molecular sieve are more effective at treating ammonia than other water treatment materials [6] .
In this study, chitosan composited with zeolite molecular structure (CTS-Z) was investigated to prepare a new type of composite adsorbent for the removal of ammonia nitrogen and nitrate in groundwater. The adsorption properties of ammonia nitrogen and nitrate nitrogen on the CTS-Z adsorbent particles under different preparation conditions were studied. The best preparation method of the CTS-Z adsorbent particles was determined. Scanning electron microscope (SEM), specific surface area analysis (BET), Fourier transform infrared spectroscopy (FTIR) and X-ray photoelectron spectroscopy (XPS) were used to characterize the adsorption characteristics of CTS-Z adsorption particles, which provided a theoretical basis for the application in drinking water treatment.
MATERIALS AND METHODS

Materials
Chitosan with 90% deacetylated was purchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). Zeolite molecular sieve (NaA type) was purchased from Shanghai Molsion Molecular Sieve Co., Ltd(Shanghai, China). Other chemicals were all of the analytical grade. Ultrapure water was used in all the experiments.
Preparation of Chitosan-Zeolite Molecular Sieves composite
Preparation processes of chitosan concentration(1g/ L, 3g/L, 5g/L, 7g/L, 9g/Land11g/L), acetic acid concentration(1%, 2%, 4%, 6%, 8% and 10% (VV)), stirring time(1h, 5h, 10h, 15h, 20h, 25h), stirring temperature(5•C, 10•C, 20•C, 30•C, 40•C, 50•C) was optimized to determine the best preparation method. A certain amount of chitosan solution prepared by adding chitosan in acetic acid solution, conFig.d as chitosan acetate sol. 10g zeolite molecular sieve washed with deionized water and heated at 105 O C for 2h, and then added to glutaraldehyde (25 wt.%) for 4h (glutaraldehyde was a crosslinking agent, which loading chitosan onto the surface of zeolite molecular sieve) [7] . These particles of zeolite molecular sieves with glutaraldehyde were then added to chitosan acetate sol and stirred at the speed of 130r/min for different time at different temperature for mixture suspension to obtain the composites. The neutralization could be made by adding distilled water. The products were then dried in the oven at 60•C for 12 h; then it was powdered.
Adsorption studies
For all batch adsorption experiments, a thermostated shaker was applied. The tests were conducted in a low temperature laboratory which was controlled by an air-conditioner. The temperature of water sample was stabilized at the range of [8] [9] [10] O C. The sample was simulated from ammonia and nitrate contaminated groundwater (Ammonia: 4-5mg/L, Nitrate: 28-30mg/L) of Shenyang, Liaoning, China. Each water sample was added 1.0g modified CTS-Z adsorbent particles stirred at the speed of 130r/min for 12h to adsorption equilibrium. The water samples were filtered through 0.45um microporous membrane, and ammonia and nitrate concentration was measured. The analysis results of the tests were the average values of three replicates.
The capacity of the adsorbed ammonia (mg/g) and nitrate (mg/g) was calculated as stated in the following Eq. (1) 
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where q e1 is the equilibrium adsorption capacity of ammonia, mg/g. R 1 is the removal ra ammonia,%; C 01 and C e1 are the initial and equilibrium concentrations ammonia of the adso (mg/L), respectively. Also, m is the mass of the adsorbent (g) and V is the volume of the solution
where q e2 is the equilibrium adsorption capacity of nitrate, mg/g. R 2 is the removal rate of nitra C 02 and C e2 are the initial and equilibrium concentrations nitrate of the adsorbent (mg/L), respect Also, m is the mass of the adsorbent (g) and V is the volume of the solution (L).
Characterizations
The morphology and surface structure of the adsorbents were studied using a scanning ele microscope (SEM) TM-1000 HITACHI, Japan. Fourier transform-infrared (FT-IR) spectra o samples were recorded on an FT-IR spectrophotometer (Tensor 27, Burker, German) wit scanning range from 4000 to 400 cm . Particle surface elemental analysis was using a X Photoelectron Spectroscopy (Thermo Fisher, USA). The specific surface areas of CTS-Z par were determined by Autosorb-iQ Surface Area and Pore Size Analyzer (Quantachrome, USA) specific surface area was calculated using the Brunauer-Emmett-Teller (BET) equation. 
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Characterizations
The morphology and surface structure of the adsorbents were studied using a scanning electron microscope (SEM) TM-1000 HITACHI, Japan. Fourier transform-infrared (FT-IR) spectra of the samples were recorded on an FT-IR spectrophotometer (Tensor 27, Burker, German) with the scanning range from 4000 to 400 cm −1 . Particle surface elemental analysis was using a X-ray Photoelectron Spectroscopy (Thermo Fisher, USA). The specific surface areas of CTS-Z particles were determined by Autosorb-iQ Surface Area and Pore Size Analyzer (Quantachrome, USA). The specific surface area was calculated using the Brunauer-Emmett-Teller (BET) equation.
RESULTS AND DISCUSSION
Preparation of Adsorption Particles
Effect of acetic acid concentration on CTS-Z adsorption particles preparation
The effect of the acetic acid concentration was investigated on the adsorption particle preparation through the analysis of ammonia and nitrate removal. According to the previous section 2.2 elaborated the preparation processes, each triangular flask with 5g chitosan was put in 1% 2%, 4%, 6%, 8% and 10% acetic acid solution respectively, to obtain different chitosan/zeolite molecular sieve adsorption particles. Then ammonia and nitrate adsorption test of the particles were studied to determine the best acetic acid concentration of preparation. The results were showed in Fig. 1 .
When the concentration of acetic acid was less than 4%, the removal efficiency of ammonia and nitrate increased with the increase of the acetic acid concentration of CTS-Z. Chitosan is a natural polysaccharide soluble in acetic acid solution, the greater concentration of acetic acid, the more dissolution of chitosan, therefore it is easy for chitosan compositing with zeolite molecular sieve. When the concentration of acetic acid was 4%, the removal rate of ammonia and nitrate reached the maximum of 77.8% and 36% respectively, and the adsorption capacities of NH 4 + -N and NO 3 --N on the CTS-Z were 0.596 mg/g and 1.89 mg/g, respectively. Chitosan plays an important role in the removal of nitrate. The adsorption by chitosan could be attributed mainly to their surface, which contained functional groups such as hydroxyl and amino groups [8] . On the other hand, zeolite molecular sieve can react with NH 4 + -N by ion exchange reaction. Because of the combined effect of both chitosan and zeolite molecular sieve, the adsorption particles could achieve the simultaneous removal of ammonia and nitrate.
Effect of chitosan concentration on CTS-Z adsorption particles preparation
Chitosan concentrations were 1, 3, 5, 7, and 11 g/L, the mass ratio (m/m) of corresponding zeolite molecular sieve to chitosan was 100:1, 100:3, 100:5, and 100: 7, 100:9, 100:11, respectively. As can be seen from Fig. 2 , CTS-Z adsorption particles prepared by different concentrations of chitosan had some differences on the removal efficiency of ammonia and nitrate. When chitosan concentration was 7g/L, the removal rate and adsorption capacity of CTS-Z for ammonia and nitrate reached to the maximum value, the removal rate and adsorption capacity of ammonia were 79.2% and 0.606mg/g respectively, and those of nitrate were 36.7% and 1.92 mg/g respectively. With the increase of chitosan concentration, the removal efficiency of adsorption particles on ammonia and nitrate basically remained unchanged. The reason was that the chitosan acetate sol had become a paste when the concentration of chitosan was more than 7g/L. The tension on the chitosan surface and the mutual attraction between the chitosan mol-
where q e1 is the equilibrium adsorption capacity of ammonia, mg/g. R 1 is the removal rate of ammonia,%; C 01 and C e1 are the initial and equilibrium concentrations ammonia of the adsorbent (mg/L), respectively. Also, m is the mass of the adsorbent (g) and V is the volume of the solution (L).
where q e2 is the equilibrium adsorption capacity of nitrate, mg/g. R 2 is the removal rate of nitrate,%; C 02 and C e2 are the initial and equilibrium concentrations nitrate of the adsorbent (mg/L), respectively. Also, m is the mass of the adsorbent (g) and V is the volume of the solution (L).
Characterizations
The morphology and surface structure of the adsorbents were studied using a scanning electron microscope (SEM) TM-1000 HITACHI, Japan. Fourier transform-infrared (FT-IR) spectra of the samples were recorded on an FT-IR spectrophotometer (Tensor 27, Burker, German) with the scanning range from 4000 to 400 cm . Particle surface elemental analysis was using a X-ray Photoelectron Spectroscopy (Thermo Fisher, USA). The specific surface areas of CTS-Z particles were determined by Autosorb-iQ Surface Area and Pore Size Analyzer (Quantachrome, USA). The specific surface area was calculated using the Brunauer-Emmett-Teller (BET) equation.
RESULTS AND DISCUSSION
Preparation of Adsorption Particles
Effect of acetic acid concentration on CTS-Z adsorption particles preparation
The effect of the acetic acid concentration was investigated on the adsorption particle preparation through the analysis of ammonia and nitrate removal. According to the previous section 2.2 elaborated the preparation processes, each triangular flask with 5g chitosan was put in 1% 2%, 4%, 6%, 8% and 10% acetic acid solution respectively, to obtain different chitosan/zeolite molecular sieve adsorption particles. Then ammonia and nitrate adsorption test of the particles were studied to determine the best acetic acid concentration of preparation. The results were showed in Fig. 1 . When the concentration of acetic acid was less than 4%, the removal efficiency of ammonia and nitrate increased with the increase of the acetic acid concentration of CTS-Z. Chitosan is a natural polysaccharide soluble in acetic acid solution, the greater concentration of acetic acid, the more 
（1）
Characterizations
RESULTS AND DISCUSSION
Preparation of Adsorption Particles
Effect of acetic acid concentration on CTS-Z adsorption particles preparation
The effect of the acetic acid concentration was investigated on the adsorption particle preparation through the analysis of ammonia and nitrate removal. According to the previous section 2.2 elaborated the preparation processes, each triangular flask with 5g chitosan was put in 1% 2%, 4%, 6%, 8% and 10% acetic acid solution respectively, to obtain different chitosan/zeolite molecular sieve adsorption particles. Then ammonia and nitrate adsorption test of the particles were studied to determine the best acetic acid concentration of preparation. The results were showed in Fig. 1 . When the concentration of acetic acid was less than 4%, the removal efficiency of ammonia and nitrate increased with the increase of the acetic acid concentration of CTS-Z. Chitosan is a natural polysaccharide soluble in acetic acid solution, the greater concentration of acetic acid, the more Yunan Gao, Yafang Ru, Litao Zhou, Xinzhi Wang, Jing Wang ecules increased, and they could not make full contact with the internal pores of the zeolite molecular sieve [9] . Therefore, the higher concentration of the chitosan solution can reduce the adsorption effect of the CTS-Z adsorption particles.
Effect of stirring time on CTS-Z adsorption particles preparation.
The zeolite molecular sieves was added to chitosan acetate sol (7g/L chitosan concentration and 4%v/v acetic acid concentration) and stirred at the speed of 130r/min for 1h, 5h, 10h, 15h, 20h, 25h respectively to obtain the adsorption particles. The results of adsorption studies were showed in Fig. 3 .
It was shown that the removal percentage of nitrate was increased from 22.2% to 36.4% and ammonia was from 63.1% to 79.2% with the increase in the stirring time from 1h to 10h, respectively. It was also seen that after a stirring time of 10h, there was a sharp decline in the percentage removal of ammonia. In fact, with increasing the stirring time of particle preparation, chitosan and zeolite molecular sieve has been fully contacted to reach saturation. Therefore, the optimum stirring time was chosen to be 10h.
Effect of stirring temperature on CTS-Z adsorption particles preparation.
The effects of different temperature on the preparation of chitosan/zeolite molecular sieve were studied. Changed the stirring temperature during preparation from 10 O C to 50 O C, the influences of different CTS-Z particles on ammonia and nitrate removal were compared respectively. The result is shown in Fig. 4 . The adsorption capacities of the CTS-Z were increased from 0.32 mg/g to 0.64 mg/g for ammonia and increased from 0.78 mg/g to 1.95 mg/g for nitrate respectively, with increasing the temperature from 5 to 30 O C; after that, they were remained stable from 30 to 50 O C. So, 30 O C was selected as the optimum temperature of particle preparation.
Characterization of Adsorption Particles
SEM analysis.
Figures 5-7 illustrate the SEM images of CTS, zeolite molecular sieve and CTS-Z respectively. Zeolite molecular sieve due to its wide surface acted as a bed/support for chitosan. Fig. 5 shows the surface of chitosan which presents a sheet structure, smooth, uniform and patchy in sections. Fig. 6 indicates that the surface of zeolite molecular sieve is composed of cubic crystals with regular morphology and uniform size, which conforms to the morphology of the zeolite NaA type. From Fig. 7 , it could be seen that chitosan-like substance was scattered on the surface of zeolite molecular sieve. The SEM images indicated that the synthesis of the adsorbent was prospering. Because the chitosan was loaded on the surface and pores of the zeolite molecular sieve during the preparation process, the original patchy surface is formed with more concavo-convex structure and the larger pores were filled to increase the number of micropores [7] . This structure was more conducive to ammonia and nitrate attachment. , respectively. The surface area of zeolite molecular sieve was greater than that of the sample, most likely due to the fact that the particles of zeolite molecular sieve, which had high surface area, were scattered on the CTS-Z bed, enlarging its surface. However, the pore volume and average pore diameter of CTS-Z both decreased from particles.
BET analysis.
Effect of stirring time on CTS-Z adsorption particles preparation.
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Effect of stirring temperature on CTS-Z adsorption particles preparation.
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The SEM images indicated that the synthesis of the adsorbent was prospering. Because the chitosan was loaded on the surface and pores of the zeolite molecular sieve during the preparation process, the original patchy surface is formed with more concavo-convex structure and the larger pores were filled to increase the number of micropores [7] . This structure was more conducive to ammonia and nitrate attachment. , respectively. The surface area of zeolite molecular sieve was greater than that of the sample, most likely due to the fact that the particles of zeolite molecular sieve, which had high surface area, were scattered on the CTS-Z bed, enlarging its surface. However, the pore volume and average pore diameter of CTS-Z both decreased from 0.113 cm 3 ·g -1 to 0.098 cm 3 ·g -1 and from 4.40 nm to 3.56nm respectively, because chitosan was loaded and filled in the pores of the zeolite molecular sieve, confirming the SEM analysis results. 
.3. FT-IR analysis.
The FT-IR spectra of CTS, CTS-Z and zeolite molecular sieve are shown in Fig. 8 . The three materials were found to exhibit similar spectra. The FTIR spectra of the chitosan, illustrated the typical band at 3291cm -1 , which was attributed to the stretching vibrations of the -OH bond. Also the band at .40 nm to 3.56nm respectively, because chitosan was loaded and filled in the pores of the zeolite molecular sieve, confirming the SEM analysis results.
FT-IR analysis.
The FT-IR spectra of CTS, CTS-Z and zeolite molecular sieve are shown in Fig. 8 . The three materials were found to exhibit similar spectra. The FTIR spectra of the chitosan, illustrated the typical band at 3291cm -1 , which was attributed to the stretching vibrations of the -OH bond. Also the band at 1591cm -1 corresponded to the N-H bond of the acetyl group while the band at 1024cm-1was attributed to C-O-C bond. In the spectrum of CTS-Z and zeolite molecular sieve, the band at 3490 cm -1 was corresponded to the Si-OH group and Al-OH group on the surface of zeolite molecular sieve framework. Also, the band at 455.2 cm−1 was as- , respectively. The surface area of zeolite molecular sieve was greater than that of the sample, most likely due to the fact that the particles of zeolite molecular sieve, which had high surface area, were scattered on the CTS-Z bed, enlarging its surface. However, the pore volume and average pore diameter of CTS-Z both decreased from 0.113 cm 3 ·g -1 to 0.098 cm 3 ·g -1 and from 4.40 nm to 3.56nm respectively, because chitosan was loaded and filled in the pores of the zeolite molecular sieve, confirming the SEM analysis results. 
BET analysis.
.3. FT-IR analysis.
The FT-IR spectra of CTS, CTS-Z and zeolite molecular sieve are shown in Fig. 8 . The three materials were found to exhibit similar spectra. The FTIR spectra of the chitosan, illustrated the typical band at 3291cm -1 , which was attributed to the stretching vibrations of the -OH bond. Also the band at Table 1 : Analysis of specific surface area of zeolite molecular sieve and CTS-Z 1 corresponded to the N-H bond of the acetyl group while the band at 1024cm -1 was to C-O-C bond. In the spectrum of CTS-Z and zeolite molecular sieve, the band at 3490 corresponded to the Si-OH group and Al-OH group on the surface of zeolite molecular mework. Also, the band at 455.2 cm , which buted to the stretching vibrations of the N-H bond of the amino group. Also, the band at −1 corresponded to the CH 3 group. The conferred peaks can be distinguished in the spectrum of ot in zeolite molecular sieve [10] . er characterization, the XPS of CTS-Z and zeolite molecular sieve were performed to prove ization of elements presented in the adsorbent. XPS analysis was initially conducted for ts prior to adsorption in order to characterize the available functional groups. From the typical phs as shown in Fig. 9 and Fig. 10 , the studied material could be characterized by recording emission bands Al 2p, Si 2p, C 1s and O1s. A new peak at the binding energy (BE) of about , which was attributed to the N 1s. This new peak provided the evidence of N element or N- , which was attributed to the stretching vibrations of the N-H bond of the amino group. Also, the band at 1470 cm−1corresponded to the CH3 group. The conferred peaks can be distinguished in the spectrum of CTS-Z not in zeolite molecular sieve [10] .
XPS analysis.
For further characterization, the XPS of CTS-Z and zeolite molecular sieve were performed to prove the localization of elements presented in the adsorbent. XPS analysis was initially conducted for adsorbents prior to adsorption in order to characterize the available functional groups. From the typical XPS graphs as shown in Fig. 9 and Fig. 10 , the studied material could be characterized by recording the photoemission bands Al 2p, Si 2p, C 1s and O1s. A new peak at the binding energy (BE) of about 400.0 eV, which was attributed to the N 1s. This new peak provided the evidence of N element or N-containing group adsorbed on the surface of the CTS-Z, which was in accordance with the FTIR findings. Fig. 11 and Fig. 12 showed the XPS analysis of the element of O in the CTS-Z and zeolite molecular sieve. The binding energy (531.48eV) of O 1s in CTS-Z was 0.3eVhigher than the binding energy 531.18eV of O 1s in zeolite molecular sieve. The increase of O 1s binding energy indicated that the electron cloud density around O atom decreased, which mean the combination of O functional groups between chitosan and zeolite molecular sieve reacted [11] [12] . Therefore, it was presumed that the O element played an important role in the attachment of the chitosan to the zeolite molecular sieve.
Schematic diagram.
As shown in Scheme 1, the connection mechanism between the chitosan and zeolite molecular sieve occurs in some positions. The X-O-X in the zeolite molecular sieve and the hydroxyl group (O-H) In addition, a comparison of adsorption capacity and other experimental conditions of some different sorbents for ammonia or nitrate removal is shown in Table 2 . in the chitosan are connected by hydrogen bonds. Therefore, the O element plays a major role in the connection of chitosan and zeolite molecular sieves. As shown in Scheme 2, CTS-Z removes NH 4 + by ion exchange reaction, and removes nitrate ions by hydrogen bonding and electrostatic bonding [6] .
In addition, a comparison of adsorption capacity and other experimental conditions of some different sorbents for ammonia or nitrate removal is shown in Table 2 .
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4.CONCLUSIONS
In conclusion, CTS-Z were successfully prepared and employed for ammonia and nitrate adsorption from polluted groundwater. The optimum conditions for the preparation of CTS-Z were the concentration of acetic acid 4%, the concentration of chitosan 7g/L, the stirring time 10h and the stirring temperature 30℃, the optimal CTS-Z adsorption capacity of ammonia and nitrate were 0.636mg/g and 1.952mg/g respectively, and the removal rates of ammonia and nitrate were 81.60% and 40.28% respectively. FTIR, XPS studies showed the characteristic functional groups of NH 2 and CH 3 appeared in the CTS-Z, and the chitosan and zeolite molecular sieve were connected through element O(1s) by covalent bond. CTS-Z adsorbent particles preparation process was easy to operate and had a better removal efficiency of ammonia and nitrate, so that it can be used as a filter for the groundwater purification in northern China. 
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